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Introduction and Objectives
The three-day record was chosen for the EURODIAB IDDM Complications Study, to assess nutrient intake in strati®ed samples of patients with insulin-dependent diabetes mellitus (IDDM) throughout Europe. This dietary assessment method, which has been judged to be appropriate for comparisons between different countries (Gibson, 1990) has also been used in the MONICA project to determine the dietary intake of non-diabetic middle-aged men from different European countries (Winkler et al, 1992) . Furthermore, the three-day dietary records have formed part of the`modi®ed' dietary history employed in the SENECA study conducted in elderly subjects throughout Europe (EURONUT SENECA Investigators, 1991) .
The degree of repeatability of nutritional data is an important factor in determining the quality of dietary data and is of particular interest for longitudinal study designs. In order to assess the reliability of the dietary data collected, and to enable appropriate conclusions to be drawn, repeatability of the three-day records must be assessed within the speci®c population of interest. Therefore, this study aimed to evaluate the repeatability of nutritional intake data within a short period of time, from standardized three-day dietary records in a randomly selected subsample of the total EURODIAB IDDM complications Study cohort.
Methods =Subjects
The EURODIAB IDDM Complications Study was a crosssectional, clinic-based study in 31 European centres, designed to measure the prevalence of diabetic complications and to examine risk factors associated with these complications (EURODIAB IDDM Complications Study Group, 1994) . The progression of the complications is presently examined in a follow-up study, the EURODIAB Prospective Complications Study (EURODIAB PCS). As diet may in¯uence diabetic complications, nutritional intake was analysed in the study population. At baseline 2868 of the 3250 IDDM patients from the EURODIAB cohort were included in the nutrition analysis (Toeller et al, 1996) . This cohort is currently re-investigated in the EURODIAB PCS to study the impact of nutrition on the onset and progression of diabetic complications.
It was intended to include a subsample of 15% of the patients from the total EURODIAB cohort in a study measuring the repeatability of the standardized three-day dietary records. Using random number tables, patients were selected proportionally from the strata relating to sex, age and diabetes duration, which had been de®ned for the EURODIAB IDDM Complication Study (EURODIAB IDDM Complications Study Group, 1994) . Two complete sets of three-day dietary records were available from a total of 216 subjects (110 males and 106 females), which amounts to 7.5% of the 2868 patients in the EURODIAB nutrition cohort. Numbers of patients recruited for the repeated completion of a dietary record varied largely between the EURODIAB centres. In Athens, Cagliary, Du Èsseldorf I, Gent, Lisbon, Luxembourg, Munich, NW London, Thessaloniki, Valenciennes and Vienna 10±15% of the patients ®lled in a second record, while Bari, Bucharest, Manchester, Padua and Perugia did not provide any repeated food records. In Budapest, Cork, Du Èsseldorf II, Helsinki, Krakow, Leiden, Milan, Paris, Pisa, Rome, Shef®eld, Turin, Verona, Wolverhampton, and Zagreb participation rates were less than 10% of the patients. Missing repeated three-day records resulted predominantly from dif®culties in the centre to organise further visits with the patients.
The subsample of 216 IDDM patients in the repeatability study was not different from the total EURODIAB nutrition cohort, in sex distribution (51% males in both samples), duration of diabetes (15.0 (9.6) vs 14.7 (9.3) years); mean (s.d.) from 216 patients vs EURODIAB cohort), age (32.8 (10.2) vs 32.8 (10.2) years) or Body Mass Index (BMI) (23.3 (2.7) vs 23.5 (2.9) kg m 72 ). The study conformed to the Declaration of Helsinki, and the study protocol was approved by local ethical committees in each centre. Informed consent was given by all patients. The overall EURODIAB IDDM Complications Study design was approved by the European Union.
=Nutrition assessment
Patients selected for the repeatability study were asked to ®ll in a second three-day dietary record (two working days and a Sunday) three weeks after completing the ®rst threeday record. Nutritional intake was assessed using the same procedure as in the EURODIAB nutrition study, which is described in detail elsewhere (Toeller et al, 1996) .
Standardized instructions and procedures for the collection of nutrient data for the EURODIAB IDDM Complications Study were agreed upon with local dietitians from the participating centres at a workshop held at the nutrition coordinating centre in Du Èsseldorf. Patients were provided with instructions from their local dietitian on how to record details of the amount of all foods and beverages consumed. A copy of the list of food portion sizes and common household measures designed for this study was given to each patient.
The completed food record was carefully reviewed by the local centre dietitian with each patient, in order to clearly identify and quantify all foods and beverages. Then the dietitian coded the dietary records using a centrally compiled EURODIAB food list.
At the nutrition co-ordinating centre, completed food records were checked once again for completeness and plausibility by an experienced nutritionist. For foods not included in the food list, the decision was made to select a close match or to add an extra code, based on information provided by the local dietitian. For both, the ®rst and second set of records, the magnitude of this censoring procedure was centre-dependent. In several participating centres patients had a relatively uniform dietary pattern based on staple foods, while in some centres a large variety of food including manufactured and specialty diabetic products were consumed, resulting in considerable additions to the data base to be made. Records were analysed using a computerized nutrient data base carefully compiled from a range of existing European food tables, with additional information from food companies (Toeller et al, 1996) . Dietary records were analysed for total protein, animal and vegetable protein, total fat, saturated fat and cholesterol, carbohydrate, ®bre and alcohol. Total energy intake was calculated using Atwater factors (Atwater and Bryant, 1900) . Mono-and polyunsaturated fatty acid intakes were not determined, as quantitative data were not available for all foods at the time of analysis.
=Statistical analysis All nutritional analyses were based on the average intakes from the three days recorded by each patient. Plausibility of energy intake data was evaluated by calculating the mean ratio of energy intake related to estimated basic metabolic rate (BMR). On an individual level a ratio above 1.06 was considered as plausible of the actual diet during the three days of recording (World Health Organisation, 1985; Goldberg et al, 1991) .
Repeatability was evaluated comparing mean energy and nutrient intakes (g/d and proportion of energy intake %) from the ®rst and second three-day dietary records. Paired student's t-test was used with a signi®cance level of P`0.05. For each nutritional variable quartiles of intake were computed. Agreement between the two recordings was determined by the proportion of patients who fell into the same or opposite quartile by the two diaries (Garrow, 1995) . Furthermore, mean differences (energy and nutrient intakes from the second record minus intakes from the ®rst record for each patient) with 95% con®dence limits (c.l.) and standard deviation of the difference (s.d d ) were calculated. A positive value indicates an increase in intake and a negative value represents a decrease in the intake of the respective dietary variable. Mean differences measure the degree of absolute agreement between the two sets of data (Altman, 1991; Bland and Altman, 1986 ), with the s.d d s giving an estimate of intra-individual variation in nutrient intake (Delcourt et al, 1994) . For energy intake repeatability was further illustrated employing the Bland-Altman plot (Bland and Altman, 1986) .
All statistical analyses were carried out using the SAS program (SAS Institute, 1989) .
Results
Mean energy intake (s.d.) reported by the 216 IDDM patients was 10003 (2735) kJ/d in the ®rst three-day record and 9848 (2698) kJ/d in the second (Table 1 ). In the ®rst set of records the mean ratio of reported energy intakes/estimated BMR was 1.53 (95% c.l. 1.48, 1.57), with 90% of the patients reporting a plausible energy intake (energy/estimated BMR b 1.06). For the second set of records a mean ratio of 1.50 (95% c.l. 1.46, 1.55) was found and 93% of the subjects reported energy intakes above the plausibility margin. Overall, energy reporting found with the 216 patients included in the repeatability study was comparable to the energy reporting seen with the total EURODIAB nutrition cohort (mean ratio 1.53 (95% c.l. 1.51, 1.54), with 89% of the records above the plausibility cut-off).
Intakes of energy, nutrients and alcohol were not statistically different between the two sets of dietary records P b 0.05). The proportion of energy from protein was identical between the two sets of three-day records (17.4% vs 17.4%), as was the proportion of energy from alcohol (1.7% vs 1.7%). Intakes were very similar for proportions of fat (39.3% vs 39.0%), saturated fat (14.2% vs 14.8%) and carbohydrate (41.6% vs 41.8%) ( Table 1) .
The extent to which the repeated diaries classi®ed individuals into the same or opposite quartile of intake is shown in Table 1 . For energy intake no classi®cation of individuals into the opposite quartile occurred and for protein and fat intake, the key target parameters in the EURODIAB IDDM Complications Study, only very low proportions of subjects were found in opposite quartiles. 
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The highest percentage of patients falling into opposite quartiles (5% of the patients) was observed for alcohol intake. In general, about 50% of the patients were classi®ed into the same quartile by the two records, with an additional percentage of 34±44% falling into the adjacent quartiles. Mean differences between the two three day records and s.d. d s are shown in Table 2 . The difference in energy intake was on average only 7156 kJ (95% c.l. 7375, 63 kJ). Mean differences were small for gram amounts of nutrients, and close to zero when nutrients were expressed as a proportion of energy intake. Standard deviations of the differences, which estimate intra-individual variations in nutrient intakes, were within the ranges commonly seen with the general population.
In Figure 1 , the difference in energy intake between the ®rst and second records was plotted against the mean energy intake, for each individual. This distribution illustrates that the differences between the two measurements are random, not varying in any systematic way over the range of measurements. Of the 13 subjects with a difference in energy intake above or below the 2 s.d. range, 12 were males. They had a mean energy intake from both sets of records greater than 9600 kJ (2300 kcal) and the differences in energy intake were mainly attributable to changes in fat intake.
Discussion
In studies where nutritional data are collected, it is important to test the reliability of the dietary method within the speci®c population in which the instrument is administered. Overall, repeatability is an important issue of data quality to be determined, speci®cally when following patients in a longitudinal study. Repeatability studies are helpful to identify potential errors in the design or administration of the dietary method or to uncover problems in quality control (Block and Hartman, 1989) . Furthermore, repeatability provides some information on the overall validity of the nutritional data, as a poor repeatability also predicts a poor validity (Bland and Altman, 1986 ). In the EURO-DIAB IDDM Complications Study a standardized threeday dietary record was chosen to assess nutritional intake, as this instrument is ef®cient for the investigation of nutrient intakes in groups (Bingham, 1987) and feasible for large scale European studies (Winkler et al, 1992; EURONUT SENECA Investigators, 1991) .
To con®rm the nutritional ®ndings from the EURO-DIAB IDDM Complications Study (Toeller et al, 1996) and to strenghten the conclusions drawn from the data, we evaluated the repeatability of the results obtained from standardized three-day dietary records in a randomly selected subgroup of the total EURODIAB IDDM cohort.
Repeatability is de®ned as the ability of a method to produce the same estimate of data in repeated measurements (Block and Hartman, 1989) . It is recommended that repeated assessment of dietary variables be obtained from subjects randomly chosen from the total sample (Thompson and Byers, 1994) . In this study random number tables were used by the data co-ordinating centre in London to select patients from the strata de®ned for the total EURODIAB cohort. The subgroup of 216 patients did not differ in sex distribution, age and duration of diabetes from the 2868 IDDM patients included in the main EURODIAB nutrition analysis study, even though not all centres managed to provide the intended number of repeated cases.
Of the 15% of the patients originally aimed to be included in the repeatability study 7.5% correctly ®lled in a second diary. Problems in the organization of follow-up visits with the patients were the main cause for this response rate. Most of the patients were not routinely seen in the EURODIAB centres, thus, the arrangement of further appointments for study purposes represented a considerable additional work load for both the patients and the personnel of the centres. Furthermore, some centres were less successful than others in motivating the patients to attend the clinic for further visits.
It could be argued that the degree of repeatability might be biased by a different data quality provided by the Figure 1 Energy intake: Difference between the two three-day dietary records (second minus ®rst record) against mean from two three-day dietary records. Solid line: mean difference between the two three-day dietary records for 216 IDDM patients. Dotted lines AE 2 s.d. of mean difference between the two three-day dietary records for 216 IDDM patients.
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The nutritional intake of the subgroup of 216 patients was very similar in the ®rst and second three-day records, with no signi®cant differences when mean intakes were compared. Classi®cation of individuals by the repeated records into the opposite quartile occurred only in a very low percentage of the patients and in general about 50% of the subjects were classi®ed into the same quartile. The percentage of the subjects classi®ed into the same/opposite quartile by the two measurements provides information on the method''s ability to reliably distinguish between subjects with a high or a low intake (Garrow, 1995) . This issue is important for large epidemiological studies, particularly for longitudinal projects. The percentages found in our study are far from the random values of 25/12.5 (same/ opposite quartile), considering that the maximum of 100/0 is not only unattainable (Garrow, 1995) , but may also be undesirable, as this would mean a major reduction of physiological variations. The arbitrary division of intakes into quartile has sometimes been questioned, since pairs of intake measurements which may be very similar could fall into different quartiles (Burema et al, 1995) . Thus, we feel that the overall classi®cation of about 85% of the patients in our study into the same or adjacent quartiles indicates a good repeatability of the standardized three-day dietary record in European IDDM patients.
Mean differences found in the present study were all small, most being close to zero. From a clinical viewpoint the mean energy difference of 7156 kJ is very small, resulting in almost the same nutritional intake data for the group of 216 IDDM patients on both measurements. The s.d. d s seen for the nutritional variables are within the range commonly observed with the normal population (Jeor et al, 1983; Bingham, 1987) . The s.d. d is independent of characteristics of the study population, thus, the fact that the variability is not higher than the expected intra-individual variation can be attributed to a good repeatability in energy and nutrient intake between the two sets of threeday records (Burema et al, 1995; Delcourt et al, 1994) .
There are only a few repeatability studies which have published results on mean differences and s.d. d s in energy and nutrient intake. Correlation coef®cients have been used to assess repeatability, but they are not considered a suf®cient method as they only measure the degree of association between two variables and depend on the range of intakes (Bland and Altman 1986; Altman, 1991; Delcourt et al, 1994) .
The Diabetes Control and Complications Trial (DCCT), which used a diet history method, reported very similar mean differences compared with our study, with a value of 210 kJ for energy, and other mean differences ranging from 0.1 g for carbohydrate to 3.5 g for protein intake in the intensive treatment group (DCCT Research Group, 1994) . In a study assessing repeatability of a seven-day dietary record in non-diabetic subjects, who had not received any advice to follow a speci®c diet, higher mean differences with slightly higher s.d. d s were observed for energy intake (674 AE 1854 kJ) and gram amounts of nutrients ranging from 1.4 AE 6.3 g for ®bre to 16.8 AE 53.4 g for carbohydrate (Jorgensen et al, 1992) . A study designed to determine the repeatability of a diet history within one month in nondiabetic subjects reported mean differences comparable to our study, but s.d. d s were lower in total fat (71.2 AE 19.7 g/d) and saturated fatty acids (0.4 AE 5.5 g/d) (van Staveren et al, 1985) .
Close and colleagues have reported a lower day-to-day variation in the nutritional intake of individuals with diabetes mellitus compared with intakes in the general population (Close et al, 1993) . This could result in a higher degree of repeatability (Block and Hartman, 1989) . However, in the present study the intra-individual variations (s.d. d ) were similar to variations in dietary intake observed in non-diabetic populations over a short period of time (Jeor et al, 1983 , Bingham, 1987 . Thus, the high degree of repeatability in this study can not be explained by a rigid diabetic eating pattern. On the contrary, people with diabetes are increasingly encouraged to include a larger variety of foods in their diet. Good metabolic control can be maintained if this is done within the context of intensi®ed insulin treatment with regular blood glucose self-monitoring and self-adjustment of insulin (Chantelau et al, 1987; Toeller, 1993; Diabetes and Nutrition Study Group, 1995) .
The optimal interval for the repeated administration of a nutrition assessment method, when evaluating reliability, is still subject to discussion (Buzzard and Sievert, 1994) . To minimize errors introduced by real changes in dietary habits the repeated test should be conducted within a short period of time. On the other hand the interval should be long enough so that the subject will not just recall former reports (Block and Hartman, 1989) . In the present study it was decided to repeat the recording procedure after three weeks, a period short enough to minimise seasonal variations or other events in life inducing major dietary modi®cations (Block and Hartman, 1989) . During this time the IDDM patients did not receive any additional dietary advice. The detailed re-checking did not indicate analogous food selections in the repeated threeday records, so that relevant learning effects could not be assumed. Furthermore, dietary intakes did not differ signi®cantly between the two three-day records. Thus, it appears that no systematic time-related bias was introduced in this study.
Repeatability is strongly affected by potential errors in the design of the method employed, problems with administration to the target population or inadequacies in quality control of data (Block and Hartman, 1989) . In both the EURODIAB IDDM Complications Study and this repeatability study, the same considerable effort was directed towards uniform collection of nutritional data, with a comprehensive re-checking system to minimise possible errors. All nutrition analyses, including extra coding of foods not registered in the food list, were carried out at a central location using standardized procedures and highly skilled personnel. We assume that the careful design of the EURODIAB IDDM Complications Study has contributed to the good repeatability in the results of this study.
Conclusions
The present study demonstrates that the nutritional data from standardized three-day dietary records show a high degree of repeatability within a short period of time in a sample of European IDDM patients. The nutritional ®nd-ings of the EURODIAB IDDM Complications Study and the conclusions drawn from these data are strenghtened by the high degree of repeatability. A tight quality control procedure is recommended to ensure a good reliability of nutritional data assessed in such multi-centre studies.
